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ABSTRACT 
 
Forensic investigators encountering remains deposited in an outdoor environment 
face many obstacles, including the scavenging, scattering, and reconcentration of remains 
by local vertebrate fauna.  Scattering rates can vary considerably from region to region, 
and are highly dependent on the indigenous scavengers present (Haglund et al. 1988; 
Haglund et al. 1989; Mann et al. 1990; Morton and Lord 2006).  In turn, scavenger 
activity is highly dependent on seasonal changes, rainfall, temperature fluctuations, and 
environmental stressors such as seasonal resource availability and dietary changes 
(Brown et al. 2006; Mann et al. 1990; O’Brien et al. 2007).  A more thorough knowledge 
of the variation in scavenging and scattering patterns of the indigenous fauna in different 
geographical regions would produce a more productive search pattern and increase the 
recovery rate of scattered remains for those involved in outdoor crime scene 
investigations.  
The current study followed and documented the behavior of the indigenous 
carnivorous birds and mammals, as well as the scattering patterns of these species, in 
Eastern Massachusetts, using five porcine (Sus scrofa) carcasses.  Carcasses were 
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deposited in lightly wooded environments under different depositional settings and 
tracked by low-light wildlife video cameras and radio transmitter tags attached to the 
long bones of some of the limbs.  The major scavengers of decomposing remains were 
documented, and the distance and direction of scattered skeletal elements were noted, as 
well as any secondary depositions.  This research was conducted in three phases; the first 
was a preliminary observation of faunal wildlife and their distribution during the early 
summer of 2011, followed by one 14-week observation of porcine models during 
midsummer of 2011 and one 6-week observation of porcine models during late summer 
and early fall of 2011.  
Results show that seasonality greatly affects scavenging activity, as carrion 
deposited in the summer are primarily consumed by the indigenous invertebrate 
community, causing accelerated decomposition and vertebrate scavenger exclusion.  
Additionally, though marsupials and avian species fed the longest, coyotes (Canis 
latrans) produced the most destructive dispersal of carrion.  Moreover, although coyotes 
disarticulated carcasses relatively nearby the original deposition, they sought out outdoor 
environments that are mostly devoid of human activity to feed upon disarticulated 
assemblages. 
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Introduction 
 
Carnivore scavenging of human remains is one of the most destructive 
taphonomic processes that hinder forensic investigations.  Once death has occurred, 
carnivores can dismantle and scatter fresh remains in a matter of hours following 
deposition (DeVault et al. 2003a; Kruuk 1972a; Kruuk 1975; Morton and Lord 2006; 
Reeves 2009). In the case of the spotted hyena (Crocuta crocuta), Kruuk (1972) notes 
that a single animal can completely consume a small gazelle in a matter of minutes 
(Kruuk 1972a). The dispersal of these remains by a number of vectors both biological 
and physical can cause problems with determining the sequence of events after death and 
the circumstances surrounding death in a forensic setting (Ubelaker 1996). Understanding 
how taphonomic processes alter bone and mimic or destroy traumatic injuries and how 
these patterns can assist in the recovery of the maximum number of remains can greatly 
increase the chances of identification (Symes et al. 2002; Willey and Snyder 1989).  
Indeed, one of the most significant influences on taphonomic scattering is the 
action of carnivores and scavengers, both mammalian and avian. The scavenging and 
scattering patterns of these vertebrates have been found to be highly dependent on the 
decomposition stage and involvement of invertebrates (Kjorlien et al. 2009; Mann et al. 
1990). In addition, the specific geographical location and faunal activity and type, season, 
and human population densities also impact the decomposition and breakdown of the 
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remains (Brown et al. 2006; Haglund et al. 1988; Haglund et al. 1989; O’Brien et al. 
2007; Saladié et al. 2011).  
There are a multitude of vertebrates that have been documented to scavenge 
remains, including raccoons (Procyon lotor), opossum (Didelphis virginiana), vultures 
(Cathartes spp.), skunks (Mephitis mephitis), canines (Canis spp.), and rodents such as 
squirrels (Sciurus spp.) and rats (Rattus spp.) (Haglund 1992; Klippel and Synstelien 
2007; Mann et al. 1990; Morton and Lord 2006). Even among shallow burials, many of 
these animals, such as coyotes (Canis latrans) and foxes (Vulpes spp. and Urocyon spp.), 
can dig up remains and feed upon them, thus increasing the likelihood of scattering 
(Haglund 1996).  
Most research has demonstrated that when removing osteological material, 
carnivores typically carry these remains along existing animal trails, often away from 
areas of human activity (Haglund et al. 1989; Kjorlien et al. 2009). Some of these same 
studies, however, have reported some significant randomization in the scattering effects 
that are unrelated to studied terrain or fauna (Kjorlien et al. 2009).  
The purpose of the present research project is to address the questions of what are 
the scavenging, scattering, and reconcentration patterns of the indigenous fauna of 
Eastern Massachusetts, and are there any discernible scattering patterns unique to this 
geographical region. This study should provide invaluable information that can assist law 
enforcement in identifying where to look for disarticulated remains in this region. It is 
expected that the large population of carnivorous mammals including a robust canid 
population in the forested and marshland conditions in the costal lowlands of New 
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England will result in the rapid disarticulation and wide dispersal patterns following pre-
existing animal paths.  
Knowledge of scavenging and scattering patterns can be enormously important in 
a forensic context for several reasons. Most important is to help insure a maximal 
percentage of recovered remains. Studies show that the higher percentages of osteological 
material recovered dramatically increase identification rates, along with the ability to 
determine the cause of death (Komar and Potter 2007). Skeletal remains are often not 
located, because searchers without knowledge of dispersal patterns and consumption 
behaviors simply do not know how to recognize fragmented bone or where to look for 
disarticulated remains. 
Secondly, the analysis of scattering distances plotted against time may help 
demonstrate possible postmortem intervals (PMI) involved since initial deposition of the 
remains. Studies show a large variability for the PMI depending on dispersal patterns, 
rainfall, and the types of carnivore activity present (Brown et al. 2006; Manhein et al. 
2006; Mann et al. 1990; Reeves 2009).  
 Third, carnivorous vertebrates indigenous to Massachusetts are surprisingly 
numerous and include opossums, raccoons, skunks, fishers (Martes pennant), ermine 
(Mustela erminea), weasels (Mustela frenata), minks (Neovison vison), gray foxes 
(Urocyon cinereoargenteus), red foxes (Vulpes vulpes), and a large population of 
coyotes, as well as feral dogs (Canis familiaris), domesticated cat (Felis catus) and black 
bear (Ursus americanus) (Roth 1978; Wildlife 2011). Active avian scavengers such as 
the turkey vulture (Cathartes aura) and black vulture (Coragyps atratus) are well 
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established in the Eastern United States as well. Knowledge of the specific 
microenvironmental factors of scattering patterns within this particular subset of species, 
locality and topography can advance our understanding and can further aid law 
enforcement and search teams in locating scattered remains.  
 Of particular importance to this research project are preliminary studies that 
indicate that scavengers, predominantly canids, may relocate remains hundreds of meters 
away from the initial deposition and bury the remains in a behavioral display called 
‘caching’ (Adair and Kolz 1998; Bekoff and Wells 1980; Haglund 1996; Haglund et al. 
1989; Haynes 1982). Documentation of dense coyote populations in Massachusetts 
highlights the need to research behavioral patterns of scavenging and scattering by this 
species (Gompper 2002; Roth 1978).  
 The scarcity of existing research has resulted in on consumption and scattering 
sequence patterns of coyotes in varied regions of the United States, as much of the 
previous research focus has been mainly in the Pacific Northwest (Haglund et al. 1989). 
However, some studies have been problematic, focusing on scavenging patterns 
involving carnivores and only mention scattering in passing (Haglund et al. 1989; Willey 
and Snyder 1989). Scattering and scavenging research in the temperate zone of the U.S. 
Northeast is largely lacking. Furthermore, a considerable amount of research suffers from 
a wide variety of possible error vectors, including using carnivore/prey models unlikely 
to produce relevant correlations (Willey and Snyder 1989), the loss of significant portion 
of carcass remains resulting in lost data (Adair and Kolz 1998; Haglund et al. 1988; 
Morton and Lord 2006) or the focus of scattering effects based on single case studies 
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(Haglund 1996). Given the difficulty in quantifying carnivore activity in a natural setting, 
much more research is needed to add to the scarcity of usable data. 
Porcine carcasses were used for this project in an approximation for juvenile 
human remains. The use of pigs as human analogs in taphonomic experiments is standard 
in forensic taphonomic studies (Adair and Kolz 1998; Enwere 2008; France et al. 1992; 
France et al. 1997; Kjorlien et al. 2009; Morton and Lord 2006; Reeves 2009), and even 
though they may not correspond to the size of adult remains, they can be equated to the 
size of children (Morton and Lord 2006). Different sized remains decompose in uniquely 
different rates (Mann et al. 1990), and due to the smaller size and greater surface-to-
volume ratio, child-sized remains generally decompose in a shorter time frame than adult 
remains (Hewadikaram and Goff 1991; Morton and Lord 2006).  
United States statistics show that in 2004, 1 in 5 fatalities among infants were 
listed as homicide, and juvenile homicide rates in 1999 were 2.6 per 100,000, or 1,800 
juvenile victims per year, much higher than any other developed country (Miniño et al. 
2006). Eighty-seven percent of homicides of juveniles between the ages of 12 and 17 are 
committed by strangers (Finkelhor and Ormrod 2001), and often in the cases of child 
abduction and sexual predation offenders may dispose of bodies as far away as 10 miles 
(Morton and Lord 2002). In 1996, using data from the FBI’s Violent Criminal 
Apprehension Program (VICAP), researchers studied the characteristics of both victims 
and offenders in cases of child abduction and homicide. This study included 577 cases 
from 44 states and found that disposal sites varied from no disposal to depositions greater 
than 12 miles (Morton and Lord 2002). In Washington State alone, the authors found that 
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concealment occurred 58% of the time, and many of these resulted in clandestine 
depositions and burials. Criminal offenders often attempt to conceal these heinous crimes 
by a variety of means, including the dumping of remains in outdoor environments to 
avoid detection. Few studies have been undertaken to determine the taphonomic effect of 
child-sized depositions in outdoor environments, and how this can affect decomposition 
rates. Understanding the taphonomic processes these remains undergo is of particular 
importance to forensic anthropologists and crime scene investigators. 
 This study involves three phases; a Preliminary Phase to examine existing fauna 
at the Holliston facility, and two 6-week phases using actualistic studies of carnivore 
behavior. The preliminary phase began in the summer of 2011, Phase I began in mid-
Summer of 2011, and Phase II began in late summer and early fall of 2011. In the 
Preliminary Phase, tree-mounted infrared day-night cameras were mounted on or near 
animal trails and existing carrion to document faunal activity. During Phase I, two non-
restrained porcine carcasses were placed in two separate wooded environments away 
from human activity, and Phase II utilized three porcine carcasses; two surface 
depositions and one buried carcass. Tree-mounted infrared motion cameras were used on 
each carcass to document any animal activity and to help identify scavenging and 
scattering patterns and animal type. In addition, each carcass was implanted with radio 
frequency waterproof tracking transmitters manufactured for wildlife studies. This was to 
help minimize lost, disarticulated skeletal elements. Typically, reclamation of 
disarticulated remains in previous studies involved tedious shoulder-to-shoulder search 
patterns by a group of individuals or a meticulous “hands and knees” sifting of the 
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ground clutter which potentially can disrupt and discourage future carnivore activity. 
Minimizing these types of errors was attempted in this study. In a pilot study (Adair and 
Kolz 1998) using radio transmitters for tracking remains, researchers showed that the 
pioneering use of these radio frequency transmitters greatly aided in determining 
maximum range and possible scattering patterns, as well as aided in the reclamation of 
skeletal elements. It is expected the scattering activity will be more pronounced in the 
summer due to the heightened temperatures, and this study will have the advantage of 
following the carcasses throughout the decomposition process. The continuation of this 
study throughout the summer and fall months facilitated comparisons between the first 
phase and second phase for discrepancies in pattern behavior, aiding in the validity of this 
study.  
Final recovery of remains used a structured, grid search of the final deposition site 
of major skeletal elements per standard archaeological methods (Dupras 2006). At the 
end of each study period, the remaining skeletal elements were collected, given a final 
assessment, and inventoried. 
It cannot be stressed enough that the proper application of any baseline 
taphonomic study necessitates its use in comparable geographical locations and 
environmental conditions. This study may not be representative of or useful in widely 
dissimilar macroclimates and should only be applied to similar Northeastern localities. 
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Literature Review 
 
The term taphonomy is derived from the Greek words ‘tafo’, meaning burial, and 
‘nomos’, meaning laws, and is the study of the processes that affect a body from the time 
of death until the time of recovery, including decomposition, dispersal, erosion, and 
destruction (Cadee 1991; Efremov 1940; Micozzi 1991b; Nawrocki 1995; Ubelaker 
1996). The term was coined by Russian paleontologist I. A. Efremov in the 1940s to 
explain how and why organic materials transitioned from the biosphere to the lithosphere 
(Black 2011; Efremov 1940; Klippel and Synstelien 2007; Lieverse 1999; Lyman 1994; 
Ubelaker 1996; White and Folkens 2005). Efremov was concerned with ‘working back’ 
through the formative process of fossil assemblages to derive conclusions about a parent 
populations, and determining the agents of taphonomic change were key to this 
understanding (Behrensmeyer and Hill 1988).  However, the general study of the 
processes that alter faunal material and the argument concerning the importance of 
carnivores and scavengers as agents of taphonomic change reaches back to the 19th 
Century (Behrensmeyer and Hill 1988; Buckland 1824; Lieverse 1999; Lyman 1987; 
Lyman 1994). Buckland (1824) for example, while investigating the Kirkdale cave in 
northern England, showed that bone assemblages were gnawed by hyenas by using 
analogies to modern hyena gnawing patterns. This ‘actualistic’ approach has been used 
since the renaissance (Kowalewski and Labarbera 2004) and is defined as a method of 
inferring past events by observing similar present events. Actualism was the predominant 
scientific methodology used in the early 19th Century and forms the basis of modern 
taphonomic studies (Cadee 1991). These Early studies primarily focused on predatory 
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hominid ecology and the early use of fire, but quickly expanded into such diverse fields 
as paleoanthropology, bioarchaeology, ethnoarchaeology and pathology (Lieverse 1999; 
Lyman 1994). Western efforts to organize this discipline into a scientific field of study 
were largely focused in the fields of paleontology and paleoecology (Nawrocki 1995), 
and not until the 1960s did taphonomy see a resurgence of interest, primarily due to the 
work of Raymond A. Dart (Black 2011; Dart 1949a; Dart 1949b; Dart 1953; Lieverse 
1999). Dart, the anatomist and anthropologist who discovered Australopithecus 
africanus, argued that bone assemblages of both hominid and animals found together 
were the result of early hunting ability of A. africanus. Dart published an astounding 
number of scientific articles on the predatory, cannibalistic early hominid based on his 
interpretation of the fossil history, and not until the early 1980’s was it shown that these 
bony assemblages were probably the result of taphonomic movement of prey carcasses 
by top predators such as leopards (Brain 1981). Nevertheless, Dart’s hypotheses on 
hominid tool use and bone fragment assemblages led to actualistic validation studies and 
a plethora of research into burial practices, mortuary anthropology, and the diagenesis of 
inhumations (Behrensmeyer and Hill 1988; Black 2011; Grupe 2007; Lyman 1994). By 
the 1970s, anthropological taphonomic research was being published which solidified 
and united basic taphonomic methodologies and theories regarding site formation and 
skeletal trauma analysis, and elevated the field of forensic anthropology from simple 
laboratory analysis to an equal partner in the field evaluations of crime scenes, mass 
disasters, and human commingled remains (Black 2011; Dirkmaat et al. 2008; Nawrocki 
1995).  Taphonomic studies in relation to forensics continued to garner interest, and in 
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1997, William Haglund and Marcella Sorg published a summarizing volume on 
taphonomic studies at the time called Forensic Taphonomy: The Postmortem Fate of 
Human Remains (Hagland and Sorg 1997). This volume attempted to explain the 
applications of forensic taphonomy, most notably the decompositional process of human 
remains, under a variety of conditions. This was followed with a second volume, 
Advances in Forensic Taphonomy: Method, Theory, and Archeological Perspectives 
(Haglund and Sorg 2002) which focused on mortuary archaeology research and 
commingled remains recovery and analysis, and provided an interdisciplinary approach 
to understanding taphonomic processes. 
Today, studies have focused on producing scientifically valid and reproducible 
research using either anecdotal, case-by-case examinations or actualistic studies, where 
multivariate conditions can be managed, if not completely controlled (Black 2011; 
Dirkmaat et al. 2008). These present-day studies are aimed at understanding the wide 
range of processes that can act upon human remains in surface depositions and 
inhumations, such as alteration of bone by taphonomic processes (Klippel and Synstelien 
2007), modern scavenging of remains (Bright 2011; Steadman and Worne 2007), 
taphonomy and trauma analysis (Symes et al. 2002), and decompositional studies (Kelly 
et al. 2010; Megyesi et al. 2005; Simmons et al. 2010a). If we are to understand 
taphonomy in a forensic context, knowledge of variables that can influence distribution 
of skeletal remains is essential. 
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Factors Influencing Distribution 
 
Once outdoor deposition of remains has occurred, there are any number of 
processes effecting postmortem events, including insect access, weathering, erosion, 
decomposition, dispersion and scavenging (Adlam and Simmons 2007; Berryman et al. 
1991; Haglund 1992; Haglund 1996; Haglund et al. 1988; Haglund et al. 1989; Lieverse 
1999; Lyman and Fox 1989; Schotsmans et al. 2011). Decomposition, or the breakdown 
and decay of organic systems, is often used for PMI estimations in a forensic setting 
(Megyesi et al. 2005).  Researchers have argued that insect exposure is the single greatest 
variable in determining the rates of decomposition, with surface deposition accounting 
for the greatest insect activity. (Bachmann and Simmons 2010; Megyesi et al. 2005; 
Rodriguez and Bass 1985; Simmons et al. 2010b) Insects, along with microorganisms in 
a moist, warm environment, can skeletonize a body surprisingly quickly. Bachmann and 
Simmons (2010) showed that carcasses exposed to insects can show decomposition rate 
increases of up to 30% as compared to those where insects were not observed. 
Disarticulation and movement of skeletal elements can occur through arthropod 
involvement alone, without any other animal involvement (Micozzi 1991a). Micozzi 
(1991) in describing the natural pattern of decay and disarticulation by insects, states that 
disarticulation first occurs in the head and neck area and then the arms, followed by the 
knees, and finally disarticulating the hips, ankles and spine (Micozzi 1991a). This 
sequence is based, in part, on the anatomical articulations of the joints and joint capsules. 
Burial of deposited remains generally retards insect activity, and thus retarding 
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decomposition (and therefore disarticulation) and time to skeletonization. Research by 
Rodriguez and Bass (1985) has shown that shallow burials of up to two feet can take six 
months to skeletonize and deeper burials can take up to two years (Rodriguez and Bass 
1985). When insect activity is absent in these burials, disarticulation proceeds first in the 
distal joints of the hands and feet (Micozzi 1991a).  Insects may even cause complete 
rotation of the body, thereby dislodging bones in that fashion (Haglund et al. 1989). 
There are many other factors that can influence the rates of decomposition, 
including temperature, rainfall, sun exposure, soil composition, trauma, fire damage, 
saponification, and the presence of clothing, to name a few (Bachmann and Simmons 
2010; Brown et al. 2006; Carter et al. 2007; Carter et al. 2010; Correia 1996; Galloway 
2007; Gruenthal et al. 2011; Haglund et al. 1989; Mann et al. 1990; Parks 2010; 
Rodriguez and Bass 1985; Ubelaker 1996). Favorable climatological conditions can halt 
decomposition and decay. Gifford (1981) describes the ideal conditions as “very wet or 
very dry” for soft tissue preservation. For example, in ideal dry conditions, integument 
may be present for thousands of years, as in the case of Egyptian and Peruvian mummies, 
and in the right water environment, soft tissue can persist for just as long, as evident in 
Paleo-Indian remains discovered in a flooded sinkhole in Florida or the recent cases of 
European “Bog People” found in the sphagnum bogs in Northern Europe (Micozzi 
1991a).  In arid conditions, given moderate to high temperatures, direct sunlight, and an 
absence of insect and carnivore activity, mummification of the body can result, thereby 
keeping the skeletal material partially intact (Galloway et al. 1989; Gifford 1981; 
Haglund et al. 1989; Micozzi 1991a; Parks 2010; Schotsmans et al. 2011). As one would 
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expect, observations show that scattering of the remains generally occurs before 
disarticulation is complete (Hill 1979). Within normal conditions in temperate 
environments, disarticulation generally correlates with decomposition, and as natural 
decomposition progresses, so does the likelihood that portions of the skeleton will 
become disarticulated in whole sections, such as appendicular elements (Hill and 
Behrensmeyer 1984; Kjorlien et al. 2009; Parks 2010).  
Moving or open water will affect elemental disarticulation and dispersion of 
remains differently than in dry conditions (Haglund et al. 1989). In open water, marine 
mammals have been shown to disarticulate along the head and limbs first, running from 
the distal portions proximally (Haglund et al. 1989). Dispersion is also greatly influenced 
by fluvial action. For example, in flowing water, research has shown that dry articulated 
bones have the greatest potential for transport, while wet, articulated bones have a 
tendency to be transported the least distance (Coard 1999), with the velocity showing 
some correlation with shape, volume and density of the bones. 
When vertebrae such as rodents, mammals and birds are involved, the potential 
for taphonomic scattering of skeletal elements is greatly increased. Rodents can be 
efficient scavengers of human remains (Haglund 1992; Klippel and Synstelien 2007). 
This taxon cannot only affect recovery but also interpretation of antemortem artifacts. 
The smaller bones of the hands and feet have been found in the burrows of mice and rats, 
and cloth coverings or hair can be carried away to be used for nesting purposes (Haglund 
1992; Klippel and Synstelien 2007). Brown rats (Rattus norvegicus) will feed on fresh 
bone similar to canids, consuming the marrow-carrying long bone epiphyses, while gray 
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squirrels (Sciurus carolinensis) will gnaw on dry bones for minerals (e.g., calcium 
phosphate) (Haglund 1997a; Haglund 1992; Klippel and Synstelien 2007). This results in 
two different temporal lines of activity and two separate dispersal patterns. Klippel and 
Synstelien (2007) have shown that the average PMI involvement by grey squirrels can be 
in excess of 30 months. 
One of the biggest influences on taphonomic scattering of remains is the action of 
carnivores (Gompper 2002; Haglund et al. 1989; Haynes 1982; Kruuk 1972b; Lotan 
2000). Vertebrate scavenging is a key ecological process, serving to accelerate the return 
of nutrients to the ecosphere (DeVault et al. 2003b; Selva et al. 2005). Carrion use 
expends far less energy than hunting and needs no ‘predator/prey’ evolutionary 
adaptations, thereby insuring heavy competition among scavengers (DeVault et al. 
2003b).  The scavenging patterns of these vertebrates have been found to be highly 
dependent on the decomposition stage and in involvement of invertebrates. If 
invertebrates infested the remains first, scattering was found to be limited, whereas if 
vertebrates scavenged the remains first, the remains were more likely to be highly 
scattered (Morton and Lord 2006). There are a multitude of vertebrates that will consume 
remains, including raccoons, opossums, foxes, vultures, skunks, and canines (Haglund 
1992; Klippel and Synstelien 2007; Mann et al. 1990; Morton and Lord 2006). Even 
among shallow burials, many of these animals are capable of exhuming remains to feed 
upon, thus increasing the likelihood of scattering. Carnivores will generally eviscerate a 
carcass, then feed upon other soft tissue such as the upper and lower extremities, then the 
trabecular portions of the long bones and pelvis, along with the vertebrae of decomposing 
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remains (Haglund 1996; Haglund et al. 1989). Many predators species such as the brown 
bear (Ursus arctos) or hyena (Hyaena spp., Crocuta crocuta)  will also show caching 
behavior with scavenged or killed prey, moving carcasses from original site to favorite 
spots or dens  (Elgmork 1982; Horwitz and Smith 1988; Pokines and Peterhans 2007) 
Avian carnivores such as hawks, vultures and eagles are well known for their 
scavenging abilities and are better adapted for locating carrion than mammals (Prior and 
Weatherhead 1991; Reeves 2009; Spradley et al. 2011; Wilmers et al. 2003). Although 
not closely related, old and new world vultures are unique in that they are the only known 
obligate, or scavenging only, terrestrial vertebrate scavengers (DeVault et al. 2003b). 
Evolutionary development of large wingspans, low metabolism, and highly advanced 
eyesight, olfactory senses and digestive tracks capable of digesting and breaking down 
decompositional toxins have earned them a very specific niche among scavenging species 
(Bang 1964; DeVault et al. 2004). These advantages allow them to find and consume 
carrion more rapidly than other scavengers (DeVault et al. 2003b; Kruuk 1975; Prior and 
Weatherhead 1991). Both vulture species are now a worldwide, and in the western 
hemisphere, they span from portions of Canada to South America (Rabenold and Decker 
1989). 
Spradley et al. (2011), in a pilot study at the Forensic Anthropology Research 
Facility (FARF) at Texas State University showed that the estimates for PMI of human 
remains can be misleading when vultures are involved. Their study showed that vultures 
took over 30 days to begin feeding on surface deposited human remains, but once began, 
the body was skeletonized in less than 5 hours. In a study by Morton and Lord (2006) 
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outside of Quantico, Virginia, using porcine models, vultures fed daily on the surface 
deposited carcasses for 5 days, until skeletonization was complete. Another researcher at 
Texas State University in a similar study found that both American black vultures and 
turkey vultures can skeletonize a carcass anywhere between 3 and 27 hours of almost 
continuous feeding, significantly accelerating decomposition. 
 Studies done of hunter and predator kills in the Yellowstone National Forest show 
that common ravens (Corvus corax) and white-tailed eagles (Haliaeetus albicilla) were 
the top scavengers of hunter kills, consuming more carrion than other species present. 
This may be in part because of their wider foraging radii (Wilmers et al. 2003). Recent 
studies of carcass use (n=214) in the Białowieża Primeval Forest (BPF) along the Polish-
Belarusian border show that of all the scavenger species present, avian species (ravens, 
eagles, buzzards [Buteo buteo], and jays [Garrulus glandarius]) were the main 
consumers of carrion in both wooded and open field environments (Selva et al. 2005). 
Canine scavenging has been studied extensively because of their ubiquity in the 
archaeological record for over 10,000 years, and these facultative scavengers have the 
ability to transport skeletonized remains over great distances (Domínguez-Rodrigo and 
Piqueras 2003; Haynes 1982; Haynes 1983). Early studies done on sequencing carnivore 
activity in the Serengeti shows that these proceed through 6 stages: (1) hindquarter flesh, 
(2) ribcage and forequarter flesh, (3) head flesh, (4) hind limb marrow, (5) forelimb 
marrow, followed by (6) head contents (Blumenschine 1986). These studies were 
conducted to distinguish and model archaeological hominid hunting activity as opposed 
to signatures of scavenging. Hyena behavior has been highly studied not only as one of 
  17 
 
the top predatory species in the Serengeti region of Tanzania and in Kenya, but also 
because of its unique specialization as a scavenger species (Haynes 1983; Kruuk 1972a; 
Kruuk 1975; Pokines and Peterhans 2007). There are three species of living hyenas, each 
having distinct hunting and scavenging characteristics and habitats. Kruuk (1975), a 
naturalist who has extensively studied hyenas of Africa, describes that the Ngorongoro 
Spotted Hyena in Tanzania, although naturally a solitary scavenger, can and do hunt in 
packs. The spotted hyena’s unique physiological features, such as powerful jaws and 
pack behavior, make them ideal as a facultative species. A spotted hyena pack can 
decimate carrion, and it is capable of splintering, consuming, and even completely 
digesting bone (Kruuk 1972a). Kruuk (1972) notes that spotted hyenas will consume 
almost the entire carcass of an animal except for the horns and rumen. These hyenas will 
even monitor other scavengers, such as vultures, to locate possible food sources; this 
behavior explains why, unlike other scavengers, hyenas will hunt during the day (Kruuk 
1975). 
Feral and domestic dogs, wolves (Canis lupus), coyotes and other canid species 
are particularly adept at affecting skeletal remains. In 1986, researchers in East Tennessee 
studied scavenging behavior of captive timber wolves (Canis lupus) when they were 
given unrestricted access to complete carcasses of deer (Odocoileus virginianus). Five 
wolves, placed in a 35 m x 15 m caged area, were able to consume most of the carcass of 
an adult deer within four to seven days, or as little as 24 hours in the case of fawns (16-20 
kg). Disarticulation was generally observed within the first 24 to 48 hours and involved 
one or more limbs, followed by consumption of the limb bone ends, vertebral column and 
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rib ends (Hill 1979). Dispersion and scattering of the bony remains were high, and 
covered the majority of the enclosure. Actualistic studies done of household dogs on the 
Navaho reservation in New Mexico show that most, if not all of the bone fragments 
found in refuse areas were the result of movement by domestic dog activity and not 
butchering practices by humans (Kent 1981). Canid destruction and consumption of the 
long bones of goats and almost complete consumption of squirrel skeletons has been 
reported (Payne and Munson 1985), and a case report of two household dogs who 
consumed their owner over a four week period in and indoor setting shows almost 
complete consumption of the remains, with only a partial calvarium, hair, and small 
fragments of long bones along a hallway remaining (Steadman and Worne 2007). 
  One of the most well-known canid scattering studies was published by Haglund 
et al. in 1988. Haglund studied 37 human remains deposited in the Northwester portion of 
Washington State between 1979 and 1987, many which were victims of the Green River 
serial killer (Haglund et al. 1988). This resulted in a bias in the sample towards females 
of the same height weight and age. The majority of the scavenging activity reported was 
by coyote and domestic dog. Using this data, Haglund and others (Haglund 1996; 
Haglund et al. 1989) have outlined 4 stages of canid scavenging in the Pacific Northwest 
and the subsequent disarticulation of remains. These stages are; (1) upper extremities are 
detached, most often with the pectoral girdle around to the sternal-clavicular articulation, 
(2) lower extremities are detached, sometimes with elements of the pelvic girdle, (3) axial 
skeletal elements are still articulated, but scattered, and long bones tend to be damaged at 
the ends due to gnawing of the trabecular bone, followed by (4) total disarticulation of all 
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the bones with extensive scattering and damage. During this final stage, the bones begin 
to dry out, splinter, and eventually disintegrate (Haglund et al. 1989). 
The results also show that the cranium, mandible, thoracic and lumbar vertebrae, 
along with the sacrum where the skeletal elements most recovered, with or without 
animal artifacts. The elements least recovered were the mandible (with evidence of 
gnawing), clavicle, humerus, radius and ulna (Haglund et al. 1988). In addition, remains 
can be transported great distances, as either individual bones or whole, articulated limbs. 
Haglund suggests when searching recovery sites, scavenging activities by carnivores 
typically produced remains leading away from human activity, and are usually found 
along animal trails as they may drag the carcass or portions of it along these paths that 
provide access to the area (Haglund 1996). These extremities may be tracked backwards 
along these game trails to the original site (Haglund et al. 1989; Kjorlien et al. 2009).  
Regardless of the type of natural or animal activity, there are some generalizations 
that can be made regarding dispersal patterns. The type of joint and the surrounding 
tissue is the most influential characteristic in the disarticulation process, with the amount 
of interlocking between the boney surfaces and the amount of easily decomposed tissue 
versus harder, more resilient tissue involved dictating the sequence of disarticulation 
(Haglund et al. 1989; Hill 1979). If disarticulation occurs within the decomposition 
process, intact ligaments, tendons and muscles will keep the disarticulated group intact, 
and this group of elements is more likely to be conveyed away from the original 
deposition point (Kjorlien et al. 2009). Therefore, when examining scattered remains, the 
best indicators of initial deposition points are the ribs and vertebrae, as these are the 
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bones that are most likely to remain at the original site (Haglund 1997b; Hill 1979). As 
decomposition progresses, the likelihood are that individual bones will become 
disarticulated increases. Hill (1979) has statistically demonstrated that once fully 
disarticulated and without scavenging activity, random movement will be greatest at the 
higher concentration of bone and decrease as the distance between bones increases, 
effectively stopping transportation. 
 The distribution of these remains by any number of vectors both biological and 
natural can cause problems with determining the sequence of events after death and the 
circumstances surrounding death in a forensic setting (Spradley et al. 2011; Ubelaker 
1996), and understanding these patterns can help in the recovery of these remains. 
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 Materials and Methods 
 Pretrial Observations 
 Beginning June 3rd and lasting until June 13th 2011, a preliminary observational 
phase was begun at the Boston University Outdoor Research Facility (ORF) located in 
Holliston, Massachusetts to document existing fauna. Holliston is located in Middlesex 
County of eastern Massachusetts, at an altitude of 57.3 meters (188 feet) above sea level. 
Holliston has a low population density of 293 people per square kilometer, and an 
average rainfall of 124 cm and a mean yearly temperature of 9.5 C° (49 F°).  The facility, 
owned and operated by Boston University, is approximately 12.9 hectares (32 acres) of 
eastern mixed deciduous forest including swamp, white oak (Quercus bicolor), paper birch 
(Betula papyrifera), eastern larch (Larix laricina), and some pine (Pinus spp.), surrounding 
naturally and artificially formed wetlands (Harlow 1957). These wetlands are crossed by 
artificially raised berms in roughly square patterns, originally used as flood control for 
cranberry fields. The wetlands occupy the central area of the facility and are surrounded 
by woodlands on the outer perimeter. This facility also consists of a few structures, most 
notable of which are an uninhabited three bedroom, single story house and a vacant 
animal kennel with cleared land nearby. The facility is bounded on the northeast by a 
paved, two-lane road and a high school, and is bounded on the southeast by a local 
cemetery (Figure 1). Several recreational trails circle the wetlands, and have been used by 
the local neighbors for All-Terrain Vehicle (ATV) use. The facility was chosen for its 
unique combination of woodland and wetland conditions and the abundance and relatively 
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unrestricted movement of native fauna.  Surrounding area is lightly populated residential 
private property with some commercial warehouse property, on the outskirts of the town 
proper. 
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Figure 1: Holliston Orthogonal Map (Oxbow Associates 2008). Reproduced with 
permission. 
 Eight, 3.5 inch by 5.5 inch Bushnell brand 8 megapixel motion sensing night 
vision video cameras, Model No. 119445, were placed along existing animal trails. These 
cameras are powered by 8 AA batteries and are capable of capturing up to 60 seconds of 
  24 
 
video when detecting motion, in daylight or total darkness, within a range of 45 feet. 
Video is stored on 4-gigabyte standard secure digital (SD) memory cards. Video cameras 
were placed either on a metallic poll driven 1 foot into the ground or strapped upon 
existing trees within sight of the trails. These cameras were checked and memory cards 
removed twice a week and periodically moved to different locations within the facility. 
This preliminary animal trail research ended on the 13 July, when euthanized porcine 
carcasses were delivered. 
 On 13 June, twenty-two porcine carcasses were delivered to the facility, and the 
majorities were placed in a 75 ft. by 150 ft. cleared area behind the one of the structures on 
the northeast portion of the facility, referred to as the decomposition field. These animals 
were the subjects in another study and were monitored in this study to gather additional 
data.  The pigs used were procured by Boston University from the Tufts University 
School of Veterinarian Medicine (Grafton, MA), and were euthanized by a high-power 
captive bolt to the frontal portion of the skull. The captive bolt method is an accepted 
method for euthanasia of pigs by Tufts University School of Veterinary Medicine 
Institutional Animal Care and Use Committee (IACUC). In addition to the carcasses in 
the decompositional field, one carcass was placed on the western edge of the property by 
the road, one was placed near the kennel structure on the northeastern portion of the 
property, two were buried on the southern facility border, and two were placed within 
running and standing water in the wetlands near the house. All eight wildlife cameras were 
removed from the trails and placed within sight of these projects to document any 
preliminary carnivore activity (Figure 2). These pigs were either covered by chicken wire 
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or placed in open wire cages (24”x18”x19”), 4.5 meters apart. These cameras were 
removed from these carcasses at the beginning of Phase I on 3 August 2011. 
 
Figure 2: Pre Research Locations. Image taken from Google Maps © 2012 
TerraMetrics, Map data © 2012 Google. 
Five sites were chosen within the Holliston facility for use in two separate trials. 
Based on observations from the preliminary study of wildlife, sites were chosen away from 
known areas of human activity but within those areas known for animal activity (Figure 3). 
These sites were cleared of understory and detritus several days prior to deposition so as to 
minimize any disturbance to the wildlife during the carcass deposition phase. 
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Figure 3: Research Locations. Image taken from Google Maps © 2012 
TerraMetrics, Map data © 2012 Google. 
 
 Phase I  
 On August 3, 2011, two pigs were delivered to the Holliston facility specifically to 
be used for this study. These pigs were euthanized at approximately 09:30 hours and 
delivered to the facility within the hour. Pig 1 had a mass of 14.12 kg (31 lbs.), and Pig 2 
had a mass of 15.26 kg (33.5 lbs) at the time of delivery. Four, 5-inch incisions were made 
to each pig along the longitudinal axis of both carcasses’ humeri and femora. Four wildlife 
radio transmitters were attached to the femora and humeri using 1 inch wood screws 
inserted into the bone, and Loctite® marine epoxy to cement the radio transmitters in place 
(Figure 4). These transmitters, obtained through Advanced Telemetry Systems, are 
waterproof, with a mass of 16 g and are 17 mm x 48 mm x15 mm in size. These radio 
  27 
 
transmitters emit a cyclical audio pulse at a predesigned frequency and have a lifespan of 
approximately one year. The transmitters were then wired into place using 1mm aluminum 
wire and the surgical incision was closed using Duro® superglue skin adhesive 
(cyanoacrylate). This was used as an expedited method of closure vs. suturing and to insure 
that no open wounds existed for invertebrate larval formation (Figure 5).  Radio 
transmitters were tracked using Advanced Telemetry Systems (ATS) Model R410 
Scanning Receiver and a three element folding yagi antenna, also designed and supplied by 
ATS. The receiver emits an audio signal and displays a visual signal strength meter for 
tracking purposes. 
 
Figure 4: Insertion of radio transmitter, Pig 1. 
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Figure 5: Sealed pig.  The wire on the left is the transmitter antenna. 
 Two range poles were made using 1-inch diameter wooden dowels and were 
painted in alternating 15 cm black and white stripes with commercial latex paint. These 
poles were used to help gauge scavenger size and species and were replaced in the 
ground at the first two porcine depositional sites (Phase I) two days prior to the porcine 
deposition to minimize human activity and human smell in the area. Tyvek® personal 
protection equipment (PPE) suits were used to contain human smells, and time at each 
depositional site was limited to 10 minutes per day between 11:00 hours and 13:00 hours, 
when terrestrial carnivore activity would be at a minimum. 
 Pig 1 was placed at the northwest corner of the facility approximately 44 meters 
from the road and 50 meters from the decomposition field (Figure 6). Pig 2 was placed on 
the southeast corner of the facility approximately 33 meters from a known walking trail. 
These two sites circumvent the wetlands and are located in heavily wooded areas (Figure 
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7). Four Bushnell wildlife video camera traps were placed at each site to cover any 
carnivore activity. The cameras were attached to the existing trees surrounding the 
carcasses and were placed so as to give a 360° view of scavenger activity. Videos allowed 
for species identification as well as helped identify the direction of animal travel. Cameras 
were checked approximately every 3 to 4 days and replaced with new ST cards and 
batteries if needed. Videos were then reviewed and any activity was recorded including 
species, direction of travel, carcass interaction and any additional behavior. To minimize 
the detrimental effects of daily human contact with the pigs (Morton and Lord 2006), it was 
decided to place at each site one EZ Watch Pro-Color Infrared (IR) Camera, model 
CM35IRH-48/6, attached to a server running EZ Watch Pro video surveillance software. 
These were color CCD Cameras with a 6 mm lens capable of recording video in 0 lux. 
The surveillance software recorded any movement commencing 5 seconds before the 
disturbance until such disturbance was finished. These cameras provided remote live 
viewing of locations offsite, 24 hours a day, along with remote playback. It was anticipated 
that this would allow constant monitoring of the sites without a physical daily presence and 
would facilitate moving wildlife cameras only when a carcass has been moved. 
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Figure 6: Overview Sites 1 and 3. 
  
 
Figure 7: Overview Sites 2 and 5. 
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Phase II 
 On October 14th, Phase II began with the delivery of three additional pigs. These 
pigs were euthanized in an identical manner and timeframe as those in procured in Phase 
I. Pigs 3-5 were not weighed due to time restraints, but were within the range of 13.5 kg 
to 16 kg (30-35 lbs).  At this time, only four transmitters were available for reuse from 
pig 2. Pig 3 was fitted with two transmitters, one attached to the right femur, and the 
other attached to the left humerus, and was wired into place in a similar manner as in the 
first trial. There was a concern that the odor of the epoxy, along with the odor of the 
range poles and cyanoacrylate used in suturing in the first trial were unduly influencing 
carnivore activity, so it was decided to forgo the application of these items. Transmitters 
were attached to bone by wire only, and incisions were closed using standard catgut 
suture material (Plain Catgut Suture 4-0, 19 mm).   
 Phase II pigs were placed in varying depositional scenarios throughout the facility 
to aid in determining optimal scavenging activity. Pig 3 was buried 20 m southeast of the 
pig 1 site, in a hole approximately 60 cm x 90 cm (2 ft x 3 ft) and 45 cm (18 inches) in 
depth from the surface (Figure 6). Pig 4 was deposited along a hillside on the eastern 
portion of the facility, 30 meters southeast of a human trail and 55 meters northwest of 
the cemetery (Figure 8), and Pig 5 was placed along the southeastern border of the 
property, 30 m south of pig 2 site and 32 m east of the human trail (Figure 7). 
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Figure 8: Overview Site 4. 
 
 All wildlife cameras were placed 1.2 m to 1.5 m (4 to 5 ft) above the ground to 
maximize the video coverage of the surrounding areas, and were set with a recording 
interval of 30 seconds (recording interval is the time the cameras will record upon 
sensing motion). Also employed at each site was a Hobo® weatherproof meteorological 
data logger, model UA-001-08, set to record ambient temperatures at one-hour intervals, 
and placed at ground level within 1 m (3 feet) of each carcass. Overall environmental data 
for the Holliston facility were collected from a Davis Instruments Vantage Pro II 
permanent weather station located in the decompositional field, including humidity and 
rainfall information.  Global Positioning System (GPS) technologies were employed to 
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track disarticulated skeletal elements using a Garmin Rino® brand receiver to an accuracy 
of ± 1 m. Spatial statistical analysis was performed on the data using CrimeStat III® 
version 3.3 to determine patterned movement of pig remains. Photographs were taken with 
a Canon Rebel XTi digital SLR camera with a 55 mm lens. 
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Results 
 
Pretrial Observations 
 
 Data collected from this period shows that besides rodents such as chipmunks 
(Tamias striatus) and red-tailed squirrels (Sciurus granatensis), white-tailed deer 
(Odocoileus virginianus) were the most recorded mammal species. White-tailed deer are 
crepuscular and frequently were observed in the early morning hours, between 06:00 and 
10:00 hours, and early evening and night, between 19:00 and 24:00 hours, along the 
eastern and northern portions of woodlands on the facility. On June 10th, 2011 at 22:15 
hours, a coyote was recorded resting in a thicket on the northern portion of woodlands. 
Due to the overgrowth and the circular nature of the woodlands surrounding the wetlands, 
this area provided the only approachable path to the decomposition field and the western 
portion of the facility, so it was decided to place trial sites in this area (Pig 1 and 3).  
 On June 13th, 2011, cameras were moved to document carnivore activity 
surrounding the caged and covered pigs used in unrelated studies at the facility. Although 
these caged pigs could not be used to directly document scavenging and scattering 
patterns among carnivores in the area, they were useful in documenting foraging 
relationships and feeding behaviors. Additionally, they provided further details of actual 
numbers of predator and scavenger species at the facility. 
 Table 1 shows the accumulated activity for noted species during the pretrial 
observations. Vultures and opossums spent the most time scavenging on the caged pigs 
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during this observation. Although coyotes were spotted often, they were not interested in 
interacting with the carcasses. 
 
Table 1: Pretrial species sightings and interaction times. Vulture activity was 
predominant during this period. 
 The two surface pigs covered with chicken wire were recorded to have the most 
faunal activity. On June 20th 2011 from 07:00 until 08:35 hours, a turkey vulture was 
recorded standing upon and feeding on one of the carcasses. This carcass was located on 
the western portion of the property near the road between the two main structures. The 
surface site was partially covered by forest canopy (Figure 9). On June 21st 2011 between 
17:00 and 19:00 hours, it was discovered that the chicken wire had been pulled off of this 
carcass and moved approximately 1 m to the north; however, it was not recorded on 
video due to an improper setting on the wildlife camera. The wire was replaced and the 
camera reset. This carcass was subsequently visited by a turkey vulture on June 22nd from 
05:52 hours until 14:48 hours, and on June 25th from 08:41 hours until 09:00 hours. 
Pretrial Species Observations
Number of Sightings Interaction Times (hr:mm)
Vulture 6 13:16
Coyote 5 0:06
Opossum 3 2:28
Fox 2 0:02
Fisher 1 0:01
Totals 17 15:53
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Figure 9: Vulture (Cathartes aura) at Pretrial Site 
 On June 19th, 2011, a turkey vulture was recorded feeding on the second pig 
covered in chicken wire from 18:43 hours until 19:22 hours. This carcass was located 
approximately 10 m from the southeast corner of the decomposition field near a stream. 
On June 21st, between 15:12 hours and 15:14 hours, four separate species (adult gray fox 
(Urocyon cinereoargenteus), opossum, fisher and coyote) were recorded passing by this 
carcass with no interaction. On June 24th, 2011, at 08:54 hours a black vulture was 
recorded feeding on this same carcass until 10:25 hours. Both of these carcasses showed 
slight signs of bloating on June 20th. The abdomens of both pigs collapsed June 23rd, and 
skeletonization was recorded on June 27th for both (Figure 10). 
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Figure 10: Scavenging activity of two surface pigs during the pretrial observations. 
Majority of scavenging activity occurred prior to active decay stage. 
  Based upon observations during this period, scavenging activity was scarce and 
primarily limited to fresh and bloat stages. The only exception occurred on September 
13th, 2011, at 05:00 hours, when a coyote was recorded on video scavenging at the 
second wire-covered site (Figure 11). This was 49 days past recorded skeletonization, and 
the video shows it removing an unknown section from the skeleton. Upon examination of 
the site on September 15th, it was observed that the carcass was missing a 15 cm x 5 cm 
section of leathered skin from the dorsal section of the neck and back that was recorded 
as present on September 9th (Figure 12). 
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Figure 11: Video still of coyote scavenging skeletal remains 
 
Figure 12: Missing section of leathered skin 
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 The pigs placed in water showed little carnivore activity throughout the 
preliminary stage. On day 10 of placement, a vulture was recorded trying to feed on one 
of the pigs placed in running water; however it could not reach the pig through the cage. 
The species is unknown due to low quality of the video. This carcass was still in the fresh 
stage of decomposition due to the low water temperature. No further activity was noted 
on the water placed pigs. 
 At the site of the buried pigs, wildlife activity was not seen until 37 days after 
burial. Two species, a fox and a coyote, were recorded digging in the area of the buried 
pigs; however, there were no visible signs that the pigs had been uncovered during 
examination of the site and subsequent videos. 
 Also recorded during the preliminary period were turkeys, skunks, raccoons, 
muskrat (Ondatra zibethicus), two domesticated cats, and a juvenile gray fox.  
However, none of these animals showed any interaction with the caged experiments at 
the facility, and no further carnivore activity was noted on the caged pigs during this 
period. 
 Phase I 
 
 Phase I began on July 29th, 2011 and included 2 porcine carcasses (Pigs 1 and 2). 
Depositional sites 1 and 2 were cleared of detritus on this date, and wildlife cameras and 
range poles were also placed at these sites at this time. This was done prior to carcass 
deposition to acclimate wildlife to their existence. As mentioned previously, wildlife 
cameras were positioned to cover both the depositional site and the surrounding trails.  
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 Animal activity was noted at this site after placement of the cameras and range 
pole, and prior to placement of the carcass. On August 2nd, at approximately 02:30 
hours, a fisher was recorded interacting with both the range pole and the four wildlife 
cameras placed at site 1. The fisher approached the site from the east, stopped and sniffed 
intently at the range pole, at one point standing on its hind legs to sniff the entire length 
of the pole (Figure 13). The fisher was then recorded showing curiosity in the wildlife 
cameras, climbing first the tree with the internet camera attached to examine it, then it 
left to the east, circled back, and climbed the south camera tree, pawing intently enough 
on the camera to produce 30 seconds of shaking video (Figure 14) before leaving. It was 
evident that in addition to knowledge that something new was introduced in its habitat, it 
was also attracted to the smell of the latex paint on the range pole.  
 
Figure 13: Fisher, Site 1 
  41 
 
 
 
Figure 14: Fisher, Site 1, Tree cam 
Pig 1 
 
 The Pig 1 trial began on August 3rd and lasted until October 15th, 2010, totaling 
74 days. During this time the high temperature ranged from 85 to 60 degrees with an 
average of 74 degrees, and the low temperature ranged from 69 to 35 degrees, with an 
average of 57 degrees (Figure 15). The atmospheric humidity ranged from a high of 
100% to a low of 35%, with an average of 88%.  
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Figure 15: Temperature Data for Pig 1 
 
 Four radio transmitters were attached to the humeri and femora of pig 1 upon 
delivery and were deposited onsite at 11:30 hours in a supine position (see Figure 16). 
 
Figure 16: Pig 1 Placement 
 The fresh decompositional stage lasted from 0 to 60 hours. Within minutes of 
deposition, Pig 1 exhibited evidence of flies around eyes, mouth, and ears, but not around 
the surgical incision site. At 60 hours, Pig 1 entered bloating stage of decomposition. At 
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this time, maggot infestation covered the head and neck area. Decomposition proceeded 
rapidly, with active decay stage reached at 85 hours post-deposition. At this time, maggot 
activity covered the body along the posterior portion in contact with the ground, with 
only the right abdominal region and right rear flank exposed. Active decay peaked at 100 
hours, and advanced decay was noted by 147 hours post-deposition (Day 6). By Day 9 
(August 12th), skeletonization of the carcass appeared complete, with only small 
fragments of desiccated skin remaining attached (Figure 17). It was decided to leave 
these remains for the remainder of the entire study to document any post-skeletonization 
activity. 
 
Figure 17: Day 9, Site 1. Skeletonization of Carcass 
 Table 2 shows the scavenger activity during this trail. Carnivore activity was 
noticeably absent overall, with avian activity being predominant. 
  44 
 
 
Table 2: Pig 1 Sightings and interaction times. 
Carnivore activity was severely limited before, during and immediately after the 
decomposition. All three species recorded were nocturnal, and there was no recorded 
activity for almost 2 weeks after skeletonization (Figure 18).  
 
Figure 18: Pig 1 Activity vs. Decomposition and Temperature. Rapid decomposition 
inhibited animal activity. 
 It should be noted that on several occasions in the ensuing weeks, multiple species 
including deer, raccoons and fishers were recorded cautiously approaching the site and 
continued to sniff and show interest in the range pole but failed to show any interest in 
Pig 1 Observations
Number of Sightings Interaction Times (hr:mm)
Fox 4 0:03
Hawk 3 0:15
Opossum 1 0:01
Totals 8 0:19
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the pig remains. The only disturbance to the skeletal remains during the study was in the 
early morning hours on Day 31, (September 3rd); a fisher was recorded showing great 
interest in the pole. The fisher proceeded to climb the entire length of the pole, leaving 
claw marks (Figure 19). As it jumped from the pole, it landed directly on the skeletonized 
remains, moving several skeletal elements, but otherwise showed no interest.  
 
Figure 19: Fisher claw marks 
 It is hypothesized that the smell of the latex paint lingered for many weeks, 
possibly influencing any scavenging activity. However, any interest showed by the local 
fauna seemed simple curiosity and did not appear to inhibit the approach of both 
omnivores and herbivores. 
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 Pig 1 trial ended after 74 days, and remains were recovered between 11:30 a.m. 
and 1:30 p.m. By this time, remains were covered in approximately 2 cm of oak leaves, 
twigs, and pine needles. Only the skull remained visible (Figure 20). Remains were not 
mapped due to the inactivity of scavenger activity, and the relative completeness of 
anatomic positioning except where rib bones were disturbed due to fisher curiosity.  
 
Figure 20: Pig 1 Remains October 15th 
Pig 2 
  
 The first trial with Pig 2 began on August 3rd and lasted until August 28th, 2011, 
totaling 26 days. This trial was terminated due to Hurricane Irene damage on August 
28th, 2011. During this time the high temperature ranged from 89 to 69 degrees with an 
average of 79 degrees, and the low temperature ranged from 69 to 55 degrees, with an 
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average of 64 degrees (Figure 21). The atmospheric humidity ranged from a high of 99% 
to a low of 47%, with an average of 88%. 
 
Figure 21: Temperature Data for Pig 2 
 Four radio transmitters were attached to the humeri and femora at the same time 
as Pig 1, and Pig 2 was deposited onsite at 12:30 p.m. in a supine position (Figure 22). 
Within 24 hours, maggots had infested the oral cavity, ear canal, and eyes. Fresh 
decomposition stage lasted for the first 60 hours, when bloating became evident. At 68 
hours post-deposition, a rupture was evident along the right flank diagonally from the 
mid-abdominal to right hind limb (Figure 23), and by hour 78, the carcass was 
eviscerated along the rupture, and the head and neck area was covered in maggots. This 
began the active decay stage, which lasted from hour 78 until hour 105 (day 4). By Day 8 
(August 11th), advanced decay was evident, with complete skeletonization of the head 
and ribs, a well-defined island of decomposition and maggot trail heading southwest. 
Complete skeletonization was documented on Day 12 (August 15th). 
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Figure 22: Pig 2 Placement 
 
 
Figure 23: Pig 2, Bloating Stage 
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 On Day 25 (August 28th), the Holliston ORF was hit by the remnants of hurricane 
Irene. While this storm had dissipated to a tropical storm by this time, moderate damage 
to the trees was still recorded on site. In the early morning hours of the 29th, a 30-ft 
section of birch was torn from the top of an adjacent tree, and landed directly upon site 2 
(Figure 24). The cameras were damaged, and the carcass was irretrievable at this time, so 
this site was terminated with no further research conducted. The carcass was retrieved 
November 26th, 2011 once the foliage had fallen and limbs were cut to gain access, but 
no relevant data was recorded past August 28th. 
 
Figure 24: Debris from Hurricane Irene, Pig 2 
 As in the first trial, carnivore activity was conspicuously absent. Two 
species, both nocturnal, visited the carcass, with only the opossum showing any interest. 
This was noted during the active decay stage (Figure 25). 
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Figure 25: Pig 2 Decomposition vs. carnivore activity and temperature. 
 
Phase II 
 Phase II began on October 14th, 2011, and included 3 porcine carcasses (Pigs 3, 4 
and 5) delivered to the facility at 10 a.m. Depositional sites were again cleared of detritus 
several days prior to deposition, and 3 wildlife cameras from site 1 and all of the cameras 
from site 2 were moved to cover the additional three sites. There were two wildlife 
cameras mounted at site 3, two wildlife cameras positioned at site 4, and three wildlife 
cameras moved to site 5. All wildlife cameras were placed 4 to 5 ft. above the ground to 
maximize the video coverage of the surrounding area, and were set with a recording 
interval of 45 seconds. In addition, all three sites had one EZWATCH camera positioned 
nearby. The pigs were laid out in a variety of depositional scenarios, including flat 
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surface deposition (pig 5), hillside deposition (Pig 4), and shallow burial (Pig 3) to 
maximize scavenger activity.  
Pig 3 
 
 The Pig 3 trail lasted until November 12th, 2011, totaling 30 days. During this 
time the high temperature ranged from 86 to 41 degrees with an average of 66 degrees, 
and the low temperature ranged from 55 to 23 degrees, with an average of 38 degrees 
(Figure 26). The atmospheric humidity for this period was unavailable. 
 
Figure 26: Temperature Data for Pig 3 
 
 Two radio transmitters were attached to the right humerus and right femur, and 
the pig was deposited at site 3 by 12:00 hours. Pig 3 was buried in a shallow grave, 
approximately 22 inches in depth to the base of the hole, and laid on its left side (Figure 
27). 
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Figure 27: Trial 2, Pig 3 Burial 
Sightings and interaction times on this carcass are summed up and are presented 
in Table 3. From deposition until loss of carcass, the majority of scavenging occurred 
during the evening hours, and the most time-consuming species was opossum. However, 
the coyote, although its recorded interaction times with the pig were minimal, caused the 
majority of damage. 
 
Table 3: Pig 3 Sightings and interaction times. 
   
Pig 3 Observations
Number of Sightings Interaction Times (hr:mm)
Hawk 8 0:48
Opossum 7 11:36
Coyote 6 0:29
Raccoon 5 4:13
Fisher 2 0:01
Fox 1 0:01
Totals 29 17:08
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 On Day 12 (October 25nd, 2011), at 12:11 hours, a raccoon was recorded at the 
site digging at the burial. This raccoon uncovered the left shoulder of the pig, and fed 
upon the carcass for 4.5 hours before departing. At 04:40 hours, a coyote was observed 
cautiously approaching the uncovered pig, and circled the site for several minutes before 
approaching the burial. The coyote then began to completely dig up the remains, finally 
unearthing and pulling the entire carcass from the burial at 05:00 hours. Due to the 45-
second duration of video recording, final direction of travel was not recorded. On 
October 26th, 2011, the carcass was tracked to 7.5 m (24.5 ft) north by northeast of 
original burial site to a secondary site (Figure 28).  
 
Figure 28: Pig 3 Movement 
 Pig 3 was dragged to underbrush on the edge of an embankment to the swamp, 
along an animal trail. Pig 3 was now laying on its left side, with large portions of flesh 
removed from the neck area and portions of the ribcage to the mid abdominal area, 
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approximately 40 cm x 20 cm in size (Figure 29). There was no recorded documentation 
of this damage between coyote movement and camera resets. Wildlife cameras were 
repositioned to this area to cover further activity. No insect activity was noted on the 
carcass at this time. 
 
Figure 29: Pig 3, Coyote Feeding 
On Day 13 and again on Day 20, two coyotes were recorded approaching from 
below the pig carcass on the northeastern portion of the wetland area but appeared to be 
alarmed by either the camera or something near the camera, and were not observed 
scavenging.  
On Day 14 (October 27th) at 16:16 hours, a red-tailed hawk (Buteo jamaicensis) 
was observed feeding upon what appeared to be the right flank area until 16:23 hours. 
The hawk returned the next day, October 28th, and was recorded feeding twice on the 
carcass during the morning hours. This feeding behavior continued for the next three 
  55 
 
days, all during the morning or early afternoon hours, but produced little observable 
damage to the carcass when checked on October 29th. 
 From November 2nd to the 6th, 2011 (Day 21-25), with the exception of a single 
instance of feeding by a grey fox and a red hawk, opossums were the principal 
scavengers recorded feeding on the carcass. Carcass and cameras were checked and SD 
cards replaced on November 5th. Upon examination, it was noted that the sternal rib ends 
were exposed and ribs were partially defleshed, along with the humerus and a completely 
defleshed right scapula (Figure 30). It was noted that the wound was slightly larger 
around the edges, but there was no discernible difference in positioning of the pig. It 
appeared that the opossums were feeding mainly on the entrails rather than the 
surrounding flesh.  
 
Figure 30: Pig 3, Carnivore Activity 
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 There was no maggot activity noted on the carcass and only a slight smell of 
decay was detected.  
 At 4:42 a.m. on the morning of the 6th, a coyote was recorded approaching the 
carcass from the north along a trail and dragged the carcass back in a northerly direction, 
out of camera range. Due to the inoperability of the Internet camera, this was not 
observed until November 10th.  
 From November 6th (Day 25) until November 10th (Day 29) there was 
heightened carnivore activity noted at this last known carcass site.  Several species, 
including raccoons, fishers, opossums and a coyote were observed visiting the now empty 
depositional site and following in the general direction of the moved pig carcass. From 
one camera angle, a fisher and raccoon were recorded feeding in the general area the 
remains were eventually found, and the coyote was observed feeding upon entrails left on 
the trail. 
 The site was checked on November 10th (Day 28), but heavy rains prevented the 
remains from being located. All animal activity at this site during this time period 
occurred between the hours of 7 a.m. and 7 p.m. and it was noted that these animals were 
following the scent trail of the carcass along the preexisting trails.  
 On November 11th, 2011 (Day 29), the remains were visually tracked in a 
northwestern direction along an animal trail that bordered an embankment next to the 
wetlands (Figure 31). Along the trail, at 6.4 m (21 ft) and at 8.2 m (27 ft) from the 
secondary burial, stomach contents were discovered. Following the animal trail, a tertiary 
site approximately 12.8 m (42 ft) from the secondary burial was discovered and nineteen 
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fragments were found scattered within a 1m x 2m clearing (Figure 32). The cranium was 
found first, with the mandible and right humerus with a radio transmitter (Transmitter 2) 
still attached to the humerus and located 1m north of the skull.  
 
Figure 31: Pig 3 final depositional map. 
A linear pattern of feeding and disarticulation was evident along the trail. The bone 
fragments from the tertiary site showed signs of gnawing and heavy breakage, but no 
puncture marks were discernible on the bones. From this evidence I could not determine 
which species was prevalent in the consumption of the carcass. Although a thorough 
search of the tertiary site was performed, it cannot be said with certainty that all 
remaining missing elements were consumed. Due to the heavy brush surrounding the site, 
it is possible that some smaller elements were missed; however, due to the highly 
  58 
 
fragmented nature of the remains; it is unlikely any large assemblage went unnoticed. 
The site was mapped and fragments were recovered on November 11th, 2011 from 2 p.m. 
to 4 p.m. (Figure 33). 
 
Figure 32: Pig 3 tertiary remains. 
  
  59 
 
 
Figure 33: Tertiary Site, Pig 3 
 As there was also no evidence of the second radio transmitter in the surrounding 
area, the AMS receiver and yagi antenna was used to track the remaining transmitter 
(Transmitter 1). This transmitter was previously attached to the right femur. The second 
transmitter was tracked to a quaternary site within the wetlands, located in a small 
clearing, 116 m due southeast from the tertiary site (Figure 34). However, it was noted 
that there was not a direct path between the tertiary site and the final placement of the 
transmitter, due to the heavy undergrowth and bog conditions. The clearest path involved 
traveling in a circular direction, with a distance of over 200 m along the established 
animal trails (Figure 35). 
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Figure 34: Position of located Transmitter 1, Pig 3. 
 
 
Figure 35: Pig 3 Transmitters. The arrow indicates the probable pathways taken by 
scavengers to deposit Transmitter 1 in its current location. 
  The transmitter was recovered intact and had been removed from the femur, with 
only small fragments of bone discovered around the site (Figure 36). Large animal tracks 
were visible in the grasses, and deer scat was found within 2 meters, indicating this area 
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was frequented by several species. It was evident that the carcass was partially consumed 
at the tertiary site, and the remaining hindquarter was carried to the quaternary site, where 
it was consumed. 
 The average temperatures during the 13 days the carcass was uncovered ranged 
from a low of 33 degrees to a high of 61 degrees.  The research at Site 3 was terminated 
on November 12th, 2011. 
 
 
Figure 36: Bone Fragments Associated with Transmitter 1, Pig 3 
 
Spatial analysis was performed on the data collected to define scattering patterns 
and directional movement of skeletal elements. Spatial analysis is a set of techniques 
whereby a statistical examination can be performed on geographic point data. Of 
particular interest in the geostatistical analysis of point distributions are the calculations 
of the Mean Center, the Standard Distance, and the Directional Distribution (also called 
the Standard Deviational Ellipse). The Mean Center is calculated from the x and y 
coordinates of all final datum points and defines the geographical center of the data. 
Similarly, the map shows a Standard Distance circle, which defines the amount of 
  62 
 
dispersion or concentration of elemental remains around the Mean Center. This measure 
is the geographical equivalent to a Standard Deviation. Figure 38 also shows the 
Directional Distribution of the remains. This measure displays the orientation and spatial 
distribution of the data, producing an elliptical measure of directional trends. This is 
calculated by using the Standard Deviation of the x and y coordinates from the Mean 
Center separately to define the axis of the orientation (Mitchell 1999). The formulas for 
calculating the Standard Deviational Ellipse and the Standard Deviation for a data set of 
geographical point locations are shown in Figure 37. 
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Figure 37: Geostatistical computational method.  Figure downloaded from 
Environmental Systems Research Institute (ESRI), Inc. at 
http://resources.esri.com/help/9.3/ArcGISengine/java/Gp_ToolRef/spatial_statistics
_tools/how_directional_distribution_colon_standard_deviational_ellipse_spatial_sta
tistics_works.htm. 
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An overview of the site shown in Figure 38 shows the location of the Mean 
Center of Pig 3 found remains and transmitters. The large Standard Distance in Figure 38 
shows a high degree of dispersion of the individual elements from the Mean Center and a 
very tight directional dispersion ellipse in the north-northwest by south-southeast plane. 
The direction of this dispersal pattern has also moved the Mean Center of the mass 149 m 
to the southeast. This shows that although the remains were scattered across a large area, 
they stayed in a roughly linear direction toward the interior of the wetlands. Distance 
from original deposition to the disarticulation area was measured at 13 m (42 ft). 
 
 
Figure 38: Scattering pattern analysis for pig 3. Photograph source: Google Earth 
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Pig 4 
 The second trial with Pig 4 began on October 14th and lasted until October 20th, 
2011, totaling 6 days. During this time the high temperature ranged from 70 to 57 degrees 
with an average of 65 degrees, and the low temperature ranged from 59 to 43 degrees, 
with an average of 50 degrees (Figure 39). The atmospheric humidity ranged from a high 
of 100% to a low of 35%, with an average of 83%.  
 
Figure 39: Temperature Data for Pig 4. 
 
 Pig 4 was placed onsite at 2 pm on October 14th, 2011 (Figure 40). This site is 
along a hillside on the eastern portion of the facility. To the east is a cemetery; to the west 
the landscape drops to a ravine 3 m to 4 m below the depositional site and rises between 
0.5 m to 1 m to an ATV trail. Past this trail, the terrain drops again, 1 m to the wetland 
area (Figure 41 and 44).  
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Figure 40: Trial 2, Pig 4 Deposition 
 
Figure 41: ATV Trail Overview 
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Figure 42: Pig 4 Deposition Site 
 
The site was checked on the morning of October 15th (Day 2), with no activity 
noted. By early afternoon of the 15th, it was discovered that the Internet camera placed 
on this site had stopped functioning, and no remote viewing of on-site activity was 
possible. On the morning of the 19th, site was checked and it was discovered that 
someone had cut the video cable at the ATV trail, 47 m (154 feet) from the site. The 
deposition site was not visible from the trail. When the site was checked, Pig 4 was 
absent. A drag trail was visible heading in a westerly direction, and ended on the ATV 
trail. A search of the trail revealed stomach contents approximately 30 m from the site 
(Figure 43).  
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Figure 43: Pig 4. Stomach and Intestines along ATV Trail 
 This trail is bounded on the westerly side by stagnant water and wetland growth, 
approximately 50 cm below the trail. A turtle, approximately 50 cm in length, was 
spotted sunning in the stagnant water, 2 meters (6 feet) from the stomach contents (Figure 
44).  
 
Figure 44: Turtle Spotted Near Entrails, Pig 4. 
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 The species was unidentifiable from the carapace alone, but it was presumed to be 
a snapping turtle (Chelydra serpentine) due to its large size, along with the fact that these 
turtles are the largest and most common species in wetland environments in 
Massachusetts and are one of only three turtle species not considered endangered in 
Massachusetts (Wildlife 2010). It is noted here because of its facultative scavenging 
potential (see below). Heavy precipitation hindered any further search for the missing 
carcass, and SD cards were pulled and reviewed. 
 Video review revealed that in the early morning hours on Day 2 (October 16th), a 
coyote was recorded pulling the carcass approximately 5 m to the west, just to the edge of 
camera range (Figure 45). The only species that was recorded feeding upon the carcass at 
this location were coyotes, and it is unknown when the carcass was moved beyond this 
point. On October 20th, 2011 (Day 6), it was noted that the trail indicated the carcass had 
been pulled over a fallen, rotting log along the ridge of the embankment, down into the 
ravine, and up onto the ATV trail (Figure 46).  
Species sightings and interactions are presented in Table 4. Differences in the 
number of sightings and interaction times are due to the removal of the carcass outside 
the viewing area, but several cameras still managed to capture scavengers within the 
original deposition site. Directional information from the videos suggests that the coyotes 
were primarily using the trails to the west to access the carrion and were using these trails 
as a shortcut to and from the cemetery to the east. 
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Table 4: Pig 4 Sightings and observation times. 
 
 
Figure 45: Carcass 4 Being Removed by Coyote 
  
   
Pig 4 Observations
Number of Sightings Interaction Times (hr:mm)
Coyote 4 0:35
Fox 2
Fisher 2
Raccoon 1
Turtle 1 0:01
Totals 10 0:36
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Figure 46: Pig 4. Arrows Show Direction of Travel 
 
 Radio transmitters attached to the appendages of the carcass were tracked to the 
interior of the wetlands; Transmitter 3 (attached to the femur) was located 58 m from the 
depositional site, Transmitter 4 (attached to the humerus) was located 93 m from initial 
deposition (Figure 47). The interior of the wetlands in this area has no visible animal 
trails and is crisscrossed with stagnant water and small shrub undergrowth. The 
transmitters were pinpointed to a watery area away from any solid soil. 
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Figure 47: Location of Pig 4 Transmitters 
 Transmitters were unrecoverable due to the water depth at these locations 
(roughly 1 m). Due to the relatively soggy, semi-solid nature of the wetlands on this side 
of the facility and with the appearance of a snapping turtle so close to the site of the 
entrails, along with the depth at which the transmitters were found, it is probable that the 
snapping turtles also aided in scattering the remains throughout the wetlands. 
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 The Phase II, Pig 4 site was terminated on October 20th, 2011, with no remains 
recovered. The topographical overview map shows coyote carcass direction and terrain 
(Figure 48). The carcass was displaced to an elevation 3.93 m (13 feet) below original 
depositional site and moved in a northwest direction. 
 
Figure 48: Topographical Map of Site 4. The star shows the original location of the 
pig carcass, and the arrows indicate known direction of travel. 
 
Spatial analysis was also performed on the data collected to define scattering 
patterns and directional movement of Pig 4. An overview of the site shown in Figure 49 
shows the location of the Mean Center of Pig 4 datum points to be 44 meters to the north-
northwest of the original deposition site. The small Standard Distance in Figure 49 shows 
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a moderately high degree of concentration of the individual elements from the Mean 
Center. The Directional Distribution of these points displays a more relaxed elliptical 
pattern to the northwest as opposed to the Pig 3 data. This shows that the remains were 
scattered across a relatively smaller area than Pig 3, with a correspondingly looser 
distribution towards the interior of the wetlands. This can be attributed to the lack of 
undergrowth and relative openness of the wooded terrain and wetland marsh in this area 
(Figure 49). Distance from original deposition to the assumed disarticulation area was 
measured at 30 m (100 feet). 
 
 
 
Figure 49: Scattering pattern analysis for Pig 4. 
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Pig 5 
 Pig 5 observations began on October 14th and lasted until October 20th, 2011, 
totaling 6 days. During this time the high temperature ranged from 57 to 69 degrees F 
with an average of 65 degrees, and the low temperature ranged from 44 to 54 degrees, 
with an average of 49 degrees (Figure 50). The atmospheric humidity ranged from a high 
of 100% to a low of 35%, with an average of 83%.  
 
Figure 50: Temperature Data Pig 5 
 Due to concerns of extraneous variables of human intervention possibly affecting 
carnivore activity during the first trial, Pig 5 was left as a control. No incisions were 
made and no transmitters were attached in order to verify actual carnivorous activity 
absent of porcine modifications done in the previous trials of Phase I. Pig 5 was deposited 
at 5:00 pm on October 14th in a large, flat sparsely wooded area, approximately 150 m x 
150 m, on the eastern boundary of the site (Figure 51).  
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Figure 51: Trial 2, Pig 5 Deposition 
 The Internet camera from the Pig 2 site was replaced due to damage from 
Hurricane Irene and moved to cover the Pig 5 deposition site on October 14th.  The 
camera proved inoperable, and on the following day (October 15th) it was determined 
that rodents, most likely squirrels and chipmunks, had chewed through the video cable in 
numerous instances along the 800 ft. length. It was determined that the remote viewing 
camera was not repairable for this trial, so observations were made by Bushnell wildlife 
cameras only. 
 On Day 5 (October 19th), it was noted that the carcass at site 5 was missing. 
Visual tracking concluded that it was pulled roughly south-southwest for 30 feet before 
the trail was lost. Heavy precipitation prevented further tracking, and SD cards were 
pulled and reviewed.   
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 Video recordings showed that on the evening of October 15th (Day 1), a coyote 
was recorded dragging the carcass by the right leg in a southwesterly direction (Figure 
52). The carcass was pulled completely out of range of the wildlife cameras at this time.  
 
Figure 52: Pig 5 Removal by Coyote 
 Between Days 1 and 5 of this trial, species recorded at the depositional site after 
removal of the carcass include coyote, fishers and a single red fox. All animals were seen 
tracking the path of the carcass by scent, and following its last known direction of travel 
(Figure 53). 
 
Figure 53: Red Fox, Site 5 
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Figure 54: Fisher, Pig 5 Site 
 An extensive line search of the area was conducted on October 19th, 20th, and 
again on the 21st, but produced no visible signs of remains. The Phase II, Pig 5 site was 
mapped and terminated on October 22nd, with no remains recovered (Figure 55). 
 
 
Figure 55: Pig 5 coyote/carcass direction of travel 
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 Based on the direction of travel of these species, it is evident that the species 
involved are using animal trails to traverse the area between the human trails and the 
cemetery proper. Documented species interactions are presented in Table 5; however, due 
to the short nature of Pig 5 deposition, the only interaction recorded was from a coyote. 
 
Table 5: Pig 5 Sightings and Interaction Times. 
Rainfall data were collected from the Davis weather station for the dates of 
heightened carnivore activity, October 14th through November 12th, and were plotted 
against the specific species and number of sightings per species. This data includes both 
Phase I and Phase II and is presented in Figure 56. 
Pig 5 Observations
Number of Sightings Interaction Times (hr:mm)
Coyote 3 0:25
Fisher 2
Fox 1
Totals 6 0:25
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Discussion 
 
 Understanding patterns of disarticulation and distribution of remains in a forensic 
context is an important area of study. The lack of specific geographic knowledge in 
carnivore activity can lead to improperly processed crime scenes and lost evidence. 
Historically, carnivore activity and scattering behavior has been limited to very small 
geographic areas in the United States, and research in the Northeast is sorely lacking. 
This study examined scavenger behaviors and disarticulation patterns on pigs in Eastern 
Massachusetts and the basic questions of species involvement, seasonality effects, 
dissemination modality, and osteological recovery predictions. Wildlife video cameras 
were used to track carnivore activity in a mixed ecosystem prevalent in the eastern U.S.  
The diversity of carnivore wildlife present in the wooded, rural environment in 
Holliston, MA was higher than anticipated. Major taxa recorded were coyote, fox, fisher, 
raccoon, opossum, hawks, and two species of vultures. Notably absent was domesticated 
dog activity, even though these animals were seen in the area. This is probably because 
the area’s domesticated dog population was not typically seen outside caged or fenced-in 
conditions, and the concentration of coyote in the area is likely responsible for the lack of 
both domestic and feral cats. Turkey vultures, indigenous to Eastern Massachusetts, were 
recorded; however, these vultures were seen individually and never recorded travelling in 
groups. Black vultures, not indigenous to the area, were also recorded in singular 
instances following the feeding of turkey vultures, and are to be expected given their 
expanded range into the New England area (Foster et al. 2002). 
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 Table 6 shows the total sightings of all scavengers during the research period. 
Seasonal decompositional differences were pronounced, with carcasses deposited in the 
summer months showing rapid colonization of invertebrates and quickly proceeding 
through successive stages of decomposition. Skeletonization was recorded as complete 
within 100 hours of deposition during both trials. This rapid involvement by invertebrates 
inhibited the involvement of carnivores, as seen in other studies (Haglund 1996). Once 
skeletonized, carnivores were uninterested in the remains, and any scattering noted was 
minimal and limited to random environmental conditions. Pigs 1 and 2 skeletal elements 
primarily remained in anatomical position during the duration of both phases.  
 
Table 6: Species Sightings Over Entire Research Period. 
 In Phase II, however, early fall depositions retarded invertebrate activity due to 
the cold temperatures and resulted in rapid carnivore involvement. Pigs deposited in a 
surface environment in the early Fall showed total disarticulation and consumption 
occurring in as little as five days and possibly sooner. During the pre-observational stage 
as well, the cooler temperatures of early summer allowed the decompositional stage to 
Number of sightings
Pre I II III IV V
Vulture 6 0 0 0 0 0
Coyote 5 0 0 6 4 3
Opossum 3 1 2 7 0 0
Raccoon 0 4 0 5 1 0
Fox 2 0 0 1 2 1
Hawk 0 0 0 8 0 0
Fisher 1 3 1 2 2 2
Turtle 0 0 0 0 1 0
Totals 17 8 3 29 10 6
Early Summer Midsummer Late Summer/Early Fall
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extend to around 2 weeks; this long decomposition permitted the scavenging by several 
species, most notably vultures. Of the species involved with these carcasses, coyotes 
were seen as the primary scavenger causing the most destruction. Several species were 
recorded feeding upon the remains, but the coyote was the only species actually to move 
the carcass away from the original depositional site. This is not unexpected given the 
large prey population of white-tailed deer in the area and the status of the coyote as a top 
predator in New England (Gompper 2002). At least three individual coyotes were seen at 
the facility over a four-month period, each for several weeks before another appeared. 
Their appearances did not overlap, indicating a solitary hunting range. This is concordant 
with other studies demonstrating the large territorial range of this species (Gompper 
2002; Silver and Silver 1969). None of the carrion fragments recovered showed signs of 
puncture marks; all of them were crushed and fragmented, with a majority of small bones 
and assemblages presumably being consumed by the coyotes. This is not unusual, 
however, given that puncture marks are a rate effect of gnawing and may not be seen. 
The use of both human and animal trails as a means of transportation of carcasses 
was confirmed, and by using radio transmitters to track the final reconcentration sites, it 
was determined that the carnivores were moving the carcasses up to 30 m (100 feet) away 
from the original depositional sites, disemboweling and disarticulating them at this point, 
then transferring remains to areas devoid of human activity. The wetlands on the interior 
boarder of the facility are at a lower altitude than the surrounding forest and are prone to 
unexpected flooding throughout the year. This area has no human trails and is extremely 
difficult for a human to traverse, given the undergrowth of small trees and shrubs. Three 
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transmitters spanning two depositional sites on opposite sides of the facility were tracked 
to a circular area roughly 30 meters in diameter, deep within these wetlands (Figure 57). 
 
Figure 57: Final Deposition of Transmitters 
 This pattern of prey movement is entirely consistent with coyote research in other 
geographic locations (Kjorlien et al. 2009), where scavengers normally avoid human 
contact.  Besides coyote, other carnivore species included fox, fisher, opossum, raccoons 
and hawks. Of these, vultures spent the most time feeding on the carcasses. Given that 
vultures, as the only true obligate species, have an evolutionary advantage in locating and 
feeding upon carrion (DeVault et al. 2003b), this was not an unexpected result.  
Opossums were second in scavenging times (Table 7) and were the predominant 
nocturnal species. Raccoons and opossums were observed consuming mostly visceral 
elements and had little impact on the total amount of flesh removed. Fisher involvement 
with the models was unexpected, as these populations are generally associated with 
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boreal forests and areas devoid of human development (Moruzzi et al. 2002). It must be 
noted that fishers were seen tracking the carrion but were not observed scavenging them 
as a food source. 
 
Table 7: Species Interaction Times throughout the Entire Research Project. 
  After the conclusion of Phase I, there was concern that the introduction of 
artificial aromatic compounds (latex-painted range poles and cyanoacrylate adhesive) 
inhibited carnivore activity. However, although the presence of the range poles did illicit 
curious interest by both deer and fishers, it is unknown if they were a major deterrent for 
any carnivore activity. Additionally, active avoidance of camera stations by coyotes was 
not observed, contrary to other studies (Sequin et al. 2003). Coyotes were seen most often 
preoccupied with extraneous sights and sounds, exhibiting a highly skittish nature when 
approaching the carrion. This may be due to the approximation of rural development 
(Moruzzi et al. 2002) and the lightly populated, and therefore frequent human activity in 
Interaction Times
Pre I II III IV V
Vulture 13:16 n/a n/a n/a n/a n/a
Coyote 0:06 n/a n/a 0:29 0:35 0:25
Opossum 2:28 0:01 0:13 11:36 n/a n/a
Raccoon n/a 0:03 n/a 4:13 n/a n/a
Fox 0:02 n/a n/a 0:01 n/a n/a
Hawk n/a n/a n/a 0:48 n/a n/a
Fisher 0:01 0:15 0:01 0:01 n/a n/a
Turtle n/a n/a n/a n/a 0:01 n/a
Totals 15:53 0:19 0:14 17:08 0:36 0:25
Early Summer Midsummer Late Summer/Early Fall
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the area. In the case of fishers, recorded interactions with the camera equipment shows a 
high degree of awareness and curiosity concerning items introduced in its environment.  
 Within the limited timeframe of this study it is not possible to determine PMIs 
with anything more than overall generalizations. In summer months, decomposition and 
skeletonization occurs rapidly, with little scavenger involvement. Thus, any skeletonized 
remains deposited in this geographical location found in roughly anatomical position 
increases the likelihood that they had been deposited approximately during the summer 
months. Spring and fall surface depositions will likely result in highly scattered remains, 
indicated by the discovery of one or more individual skeletonized elements in isolation. 
Rainfall was recorded during the timeframe of heightened carnivore activity and plotted 
against scavenging species (see Figure 56). It does not appear that rainfall has much, if 
any, effect on scavenging activity by carnivores in Massachusetts. A recent study 
concerning the effect of rainfall variability in Australia has been shown to affect 
carnivore scavenging activity, but only during periods of above average vs. below 
average rainfall (Brown et al. 2006). This long-term variability can substantially increase 
or decrease availability of carrion and reliance on foraging; however, this does not seem 
applicable to this study. Recent research in Louisiana (Jones 2011) indicated that rainfall 
can discourage carnivore activity, but more studies concerning rainfall and scavenging 
activities are needed to determine a correlation between rainfall and scavenging activity 
in New England.  
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Conclusions 
 
 The knowledge of the behavior of carnivores in relation to human depositions in 
woodland environments is essential in a forensic context. Reclamation of evidence, 
destruction of bony assemblages, and scattering of osteological material directly impacts 
the identification of these missing or murdered individuals. These basic taphonomic 
studies are scarce in the U.S. and have been limited to small geographic locations. 
The following study attempts to alleviate the lack of knowledge of taphonomic 
effects of carnivores in the mixed, wooded environments typical of central 
Massachusetts. This study followed five porcine models throughout the summer and fall 
months in a mixed deciduous location in Holliston, Massachusetts. Woodland video 
cameras and radio transmitters were used to help identify species and track scattered, 
disarticulated scavenged elements. 
The need to balance minimal human interaction with animal research sites and the 
necessity of constant monitoring was uniquely fulfilled with the use of CCD cameras. 
Advances in self-containing motion-sensitive CCD camera technology allowed excellent 
observations without the need for human intervention. These cameras demonstrated 
portability and provided sufficient video resolution that permitted positive species 
identification almost 100% of the time. CCD internet cameras did allow remote, live 
viewing of research sites at distances of over 250 m; however, both human and animal 
intervention limited the use of this technology.  
The gnawing of electrical cables and conduits by rodents such as squirrels, mice, 
rats and moles (Scalopus spp.) is well documented (Gutteridge 1972; Lyon 1972). This 
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behavior may be attributed to an attraction to hydrocarbons in the plastic sheathing, or 
simple curiosity (Gurnell 1987). However, this behavior proved extremely destructive to 
the video cabling used in this study, rendering almost 250 m of cable unusable after one 
month. Conversely, human intervention also prevented the long term use of video cabling 
through simple maliciousness. Precautions such as burying the cable when crossing ATM 
trails did help alleviate this problem, but the vandalism of specific cables and video 
equipment by the local inhabitants could not be anticipated. This presents a problem that 
is not easily remedied short of surrounding the entire facility in fencing. Outreach 
programs and educational participation for the local community, including law 
enforcement, may be of help. Determining a method for producing a more secure 
research facility from human intervention, along with a more effective means of shielding 
cabling from rodent gnawing should allow a more thorough examination of the 
practicality of video technology in the future. 
 This study also showed the usefulness of radio transmitters in tracking carcass 
elements in carnivore studies. In spite of the low number of transmitters used, it was 
shown that they have the potential for tracking skeletal elements better than visual search 
techniques alone. Although radio transmitters did little to alleviate the problems of 
destruction and consumption of skeletal elements, they did, however, provide greater 
detail of directional modalities and final depositional placements. Problems in the 
attachment of transmitters to the skeletal elements were noted, however. Even though the 
transmitters were relatively small at (size), the antenna needed was 3x the transmitter 
length, necessitating that the antenna be left protruding from the incision site. The 
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surgical incisions were also large and required some effort to attach to the bony elements, 
thereby placing a limit on the particular bone used. With this type of transmitter, it was 
not feasible to attach to more preferable or more numerous elements such as the skull or 
vertebra, thus limiting the number of elements that could be tracked to the long bones. It 
should be noted that there are a wide variety of commercial radio transmitter models 
available at varying costs, each with particular limitations and advantages, and these 
transmitters were chosen to balance size, ease of use, and expense. However, further 
experimentation using a greater number and/or different varieties of transmitters would 
be of help in determining the optimal types and numbers to use. 
 This study produced results of carnivore activity only during the summer and fall 
seasons in central Massachusetts.  Other studies have noted behavioral changes in 
scavenging patterns in winter seasons (cite), and the evaluation of year round changes in 
consumption and disarticulation would be the natural evolution of this research. 
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